The radioresistant cell systems producing serum interferon after intravenous administration of polyinosinic-polycytidylic acid [poly(I .C)] or encephalomyocarditis virus in mice were studied in rat-to-mouse radiation chimeras. Interferon induced by poly(I -C) became of donor type within 3 months after grafting of irradiated C3H/He mice with Wistar rat bone marrow cells; this indicated that it was made in cells derived from the hemopoietic system. In contrast, encephalomyocarditis virus-induced interferon remained of recipient type in xenogeneic chimeras up to 3 months after grafting, which indicated that the bulk of this interferon originated from a cell population not derived from the hemopoietic system. To ascertain that the respective radiosensitivities of the systems producing rat interferon in chimeras corresponded to that of normal mice, some rat-to-mouse chimeras were subjected to a second X irradiation 1 month after the first irradiation and restoration. Circulating interferon production was studied 4 days later. As expected, the re-irradiation strongly depressed rat serum interferon production induced by Newcastle disease virus but had no effect on rat interferon synthesis induced by poly (I-C). These results point to a macrophage origin for the bulk of poly(I 0C)-induced circulating interferon.
Interferon released into the blood stream of mice injected intravenously with an inducer originates in cell populations of various radiosensitivities depending upon the inducer (3) . We have shown previously that circulating interferon induced by Newcastle disease virus (NDV) comes from highly radiosensitive cells (6) . derived from the hemopoietic system, since in radiation chimeras they become donor type as early as 2 weeks after grafting. Moreover, this interferon production is inhibited by antilymphocyte serum (5), and it was therefore concluded that circulating interferon induced by NDV is mainly of lymphocyte origin.
In contrast to NDV and myxo-and paramyxoviruses in general, some (EMC) which demonstrate that a radioresistant interferon production system can either be de- rived from the hemopoietic system, as was found for poly(I 0 C), or be totally independent of the hemopoietic system, as is the case for EMC.
MATERIALS AND METHODS Mice. Mice belonged to the inbred C3H/He strain, maintained by the Laboratory Animals Centre (M.R.C. Carshalton, Surrey, U.K.). Males obtained by random crossing of inbred breeders were used throughout the experiments; they were 7 weeks old at time of irradiation.
Rats. Rats were 6-to 7-week-old Wistar females purchased at the Centraal Proefdierenbedrijf (TNO, Zeist, The Netherlands).
Radiation chimeras. Syngeneic mouse-to-mouse chimeras were obtained by grafting 5 x 10' mouse bone marrow cells into pre-irradiated recipients. Xenogeneic rat-to-mouse chimeras were made by injecting 107 rat marrow cells into pre-irradiated mice. Details can be found in a previous article (4). This treatment protected over 90% of the mice against hemopoietic death, which occurred between days 8 and 11 in all irradiated, nongrafted mice.
X irradiation. X irradiations were performed as described earlier (4 Poly(I-C). Poly(I -C) was purchased in lyophilized form from P.L. Biochemicals, Milwaukee, Wisc. It was first dissolved in distilled water and further dispersed in the modified phosphate buffer of Field et al. (7) .
Interferon induction. Interferon induction was carried out by injecting 0.2 ml of the inducer into an orbital sinus. Blood was drawn 2 and 6 h after poly(I -C) injection and 7 to 9 h after viral injection. Sera were dialyzed for 5 days against Sorensen buffer at pH 2. Interferon titrations. Titrations were performed in mouse embryo fibroblasts (MEF) and rat WIRA cells, with vesicular stomatitis virus as challenge virus, by the plaque assay described earlier (4 (Table 2 ). The antiviral protection by rat serum interferons induced by poly(I-C), EMC, or NDV was about 2 to 10 times more efficient in rat cells than in mouse cells: the ratios ranged from 0.1 to 0.5 (Table 2) .
According to these results, it can be reasonably concluded that a ratio of "titer in MEF per titer in WIRA cells" means a mouselike interferon when equal to or greater than 10; conversely, it means a ratlike interferon when equal to or less than 1. The importance of the variations between different samples, however, severely restricts the possibility of detecting a small amount of interferon of one species when diluted out into a large quantity of interferon of the other species. Particularly since rat interferon has high ability to protect mouse cells, its presence in a mixture of rat and mouse interferon might easily go undetected. Therefore, a mouselike interferon activity indicates only an overwhelming presence of mouse In vitro interferon induction in peritoneal macrophages. Mice and rats were killed by cervical dislocation, and peritoneal cells were harvested by washing the peritoneal cavity with medium 199 (Pasteur Institute) supplemented with 1% bovine serum albumin (Sigma Chemical Co.), 5 U of heparin (Choay) per ml, and antibiotics (penicillin, 100 U; streptomycin, 50 sg/ml). Cells collected from five to six mice or two to three rats were pooled and distributed into tissue culture dishes (60-mm diameter; Falcon Plastics) at a total input of 3 x 106 cells per dish. After overnight incubation at 37 C in a humidified atmosphere of 5% CO2 in air, the cultures were shaken and thoroughly washed to remove unattached cells. At this time, about 30% of the cells adhered to the bottom of the dishes, most of them showing a well-spread, thin, and irregularly shaped cytoplasm; such cells were considered to be macrophages (2). For interferon induction, each plate was infected with 1 ml of NDV suspension, corresponding to a multiplicity of about 102 mean egg infective doses per cell. Control dishes received allantoic fluid only. The viral inoculum was removed after 30 min of incubation at 37 C, and 5 ml of fresh medium was (Table 4) , and this situation had not changed 50 and 85 days after irradiation and restoration ( Table 5 ). As a control to this experiment, the species specificity of NDV-induced serum interferon was determined in chimeras of the same experimental group, also 50 and 85 days after irradiation and restoration (Table 5 ). Contrary to the results observed with EMC, serum interferon of the rat-to-mouse chimeras injected with NDV was ra.t interferon, thus confirming previous results (6) . This indicates that the chimeras had not reverted to a mouse-type hemopoiesis but still had a functional rat hemopoietic system. Poly(I * C)-induced circulating interferon. As observed for EMC, circulating interferon induction by poly(I C) was highly radioresistant, since 4 days after irradiation even a total body exposure of 1,000 R did not inhibit interferon production regardless of whether serum was collected 2 or 6 h after the inoculation of the inducer (Table 6 ). The species specificity of poly(I-C)-induced interferon was then determined in rat-to-mouse chimeras 31 and 75 days after irradiation and restoration; some animals were inoculated with NDV instead of poly(I * C) dND, Not done.
to serve as controls for chimerism (Table 7) . Both in 31-and 75-day rat-to-mouse chimeras, poly(I C)-induced interferon was predominantly, but not completely, of donor type, indicating that the major part of this interferon was made by rat cells. These results show that poly(I C)-induced circulating interferon is made in radioresistant, bone marrow-derived cells. Macrophages belong to this category of cells, and an experiment was designed to obtain information concerning the origin of peritoneal macrophages in rat-tomouse chimeras. Interferon induction by NDV in macrophage cultures was studied here only to determine whether we were dealing with mouse or rat macrophages, viz., with mouse or rat interferon-producing cells. In 50-and 85-dayold chimeras, peritoneal macrophages were overwhelmingly of donor, i.e., rat, origin (Table  8) .
Circulating interferon in re-irradiated ratto-mouse chimeras. Evidence that in rat-tomouse chimeras the radiosensitivity of the interferon production systems is the same as in normal unirradiated mice was obtained as follows: blood interferon levels were measured after induction by either poly(I C) or NDV in 30-day-old chimeras re-exposed to various doses of X rays and inoculated with the inducer 4 days later ( Table 9 ). Production of rat interferon with poly(I C) was found to be radioresistant, whereas induction with NDV was not.
DISCUSSION
The origin of circulating interferon in the animal is a highly complex phenomenon, since a priori many different cells and organs can be involved even when only one inducer is at stake. We have previously shown that injection of syngeneic bone marrow cells into lethally irradiated mice could restore NDV-induced circulating interferon production concomitantly with hemopoietic function. Results obtained in this system with xenogeneic radiochimeras and antilymphocyte serum treatment clearly demonstrated that lymphocytes are involved in NDVinduced circulating interferon (5) .
In the experiments presented here, NDVinduced interferon production only served to monitor the chimeras used for the experiments with poly(I C) and EMC. One must keep in the results found for NDV in the present experiments, the results with EMC cannot be ascribed to a deficient chimerism, but definitely indicate that EMC-induced serum interferon remains mouse interferon up to 3 months after bone marrow grafting. From this, we can unequivocally conclude that after infection with EMC, the bulk of serum interferon does not come from cells derived from bone marrow stem cells (lymphocytes, granulocytes, or macrophages) but from other cells, independent of the hemopoietic system. The obvious possibility are cells in which EMC has been shown to replicate, such as brain and muscle cells (10, 11) .
The situation is quite different when poly(I -C) is used as inducer, although both EMC-and poly(I -C)-induced circulating interferon production systems are radioresistant, as was also reported by Glasgow (8) . But the similarity is restricted to radioresistance, and the picture becomes quite different when xenogeneic radiochimeras are examined:
poly(I * C)-induced interferon becomes to a large extent rat interferon, which means that it is made in cells derived from hemopoietic stem cells. The high radioresistance of the poly(I -C)- induced system furthermore points to the macrophage as the major interferon-producing cell. It has indeed been shown that after 6 weeks the majority of macrophages are of donor type in radiochimeras (1). This observation was confirmed for peritoneal macrophages in our chimeras by using the species specificity of interferon as a tool to determine cell origin.
In conclusion, by using a combination of X irradiation, chimerism, and antilymphocyte serum treatment, it has been possible to demonstrate a different cellular origin for three interferon inducers (Table 10) .
Maybe it is worthwhile to stress here that these results on the cellular origin of circulating interferon were obtained by administering the inducer intravenously; it is quite possible that other routes of administration would result in the involvement of different cell types, since clearance of the inducer could be different.
A crucial point was the fact that the respective radiosensitivities of the rat interferon-producing cells for NDV and poly(I * C) in the xenogeneic chimeras were identical to that of control mice; this indicates that in these chimeras the cells making interferon in response to NDV and poly(I C) are of the same type as those responsible in nonchimeric control animals and hence the results obtained in chimeras can be extrapolated to normal animals.
